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A estimativa da ancestralidade é um dos pilares para a construção do perfil biológico individual 
pela Antropologia Forense (AF), sendo o complexo crânio-maxilo-facial o mais confiável 
indicador anatômico para estimar a afinidade populacional. Numa análise que busca avaliar a 
provável ancestralidade de restos humanos questionados, uma descrição detalhada deve ser 
feita, procurando inserir o indivíduo em um grupo ancestral que melhor o represente. 
Entretanto, estimar a ancestralidade em populações miscigenadas como a brasileira representa 
um desafio à AF. Desta forma, o presente estudo objetivou investigar marcadores métricos 
lineares, cranianos e faciais, para estimar a ancestralidade de uma amostra brasileira, testando 
a acurácia e a aplicabilidade do software AncesTrees. Realizou-se um estudo de corte 
transversal por meio da análise 266 ossadas miscigenadas, sendo 144 do sexo masculino e 122 
do sexo feminino, com idade à morte entre 20 e 100 anos, catalogadas entre os grupos ancestrais 
Europeu (n = 155), Africano (n = 34), Miscigenado (n = 76) e Asiático (n = 1) e pertencentes à 
Coleção Osteológica e Tomográfica Professor Eduardo Daruge, da Faculdade de Odontologia 
de Piracicaba/Universidade Estadual de Campinas. Foram feitas 23 medidas craniométricas 
utilizando paquímetro digital e compasso de ponta curva digital. Tais medições foram inseridas 
no software AncesTrees utilizando os algoritmos tournamentForest e ancestralForest, sendo no 
último empregado três configurações distintas para os grupos ancestrais. Os dados foram 
submetidos à análise estatística descritiva e inferencial por meio dos testes ANOVA One-Way, 
Tukey HDS, Qui-Quadrado e Qui-Quadrado com correção de Yates, com nível de significância 
de 5%, a fim de avaliar a acurácia do programa para a porcentagem de acertos da estimativa da 
ancestralidade. O software teve melhor acurácia na classificação dos Europeus utilizando os 
algoritmos tournamentForest (53,54%) e ancestralForest com três grupos ancestrais (50,96%), 
enquanto o algoritmo ancestralForest com seis (50,00%) e dois (67,64%) grupos foi melhor na 
indicação dos Africanos. Os miscigenados foram classificados predominantemente como 
europeus. A melhor conformação do programa AncesTrees para a estimativa da ancestralidade 
dessa amostra brasileira foi a que utilizou o algoritmo ancestralForest apenas com as origens 
geográficas europeia e africana (58,42%). O software AncesTrees apresentou baixa acurácia na 
estimativa da ancestralidade de crânios brasileiros, demonstrando ser seu uso pouco eficaz no 
diagnóstico da ancestralidade desse grupo. Faz-se necessária a inclusão representativa de dados 
craniométricos de crânios brasileiros na base de dados do software para a acurácia do programa 
ser melhorada. 
 






Ancestry estimation is one of the backbone strategies for the construction of individual 
biological profiles in Forensic Anthropology. The cranio-maxillofacial complex is the most 
reliable anatomical indicator for estimating population affinity. The ancestry analysis of 
unidentified human remains should provide a detailed description of the ancestral group that 
most likely matches the individual profile under examination. However, estimating ancestry in 
miscegenated populations, such as the Brazilian, may be a challenging task. In this study, we 
determined the applicability of linear, cranial, and facial measures for estimating ancestry in a 
Brazilian sample. The accurate and applicability of the AncesTrees software were further 
examined. This was a cross-sectional study with 266 miscegenated bones from the Osteological 
and Tomographic Collection – Prof. Dr. Eduardo Daruge at Piracicaba Dental School, 
University of Campinas. Of these, 144 skulls were from males and 122 from females, aged 20 
to 100 years at death, previously cataloged as Europeans (n = 155), Africans (n = 34), mixed 
ancestry (n = 76) or Asian (n = 1). Twenty-three craniometric measures were obtained using a 
digital sliding caliper and a digital spreading caliper with rounded ends. The data were entered 
into the AncesTrees software and analyzed by the tournamentForest and ancestralForest 
algorithms. Three different settings for ancestry groups were used in the ancestralForest 
algorithm. The data were analyzed descriptively and by One-way ANOVA, Tukey HDS, Chi-
Square test and Chi-Square with Yates correction, considering a 5% significance level. The 
accurate of the AncesTrees software to estimate ancestry in the sample was determined based 
on the percentage of matches with the real (cataloged) information. The tournamentForest 
(53.54%) and ancestralForest algorithms with three ancestry groups (50.96%) were more 
accurate to classify Europeans, while the ancestralForest algorithm with six (50.00%) and two 
(67.64%) groups was more accurate to determine the ancestry of Africans. Mixed-ancestry 
specimens were classified predominantly as Europeans. The use of the ancestralForest 
algorithm considering only European and African origins (58.42%) was the most accurate 
statistical setup for ancestry estimation in Brazilian skulls. Nevertheless, the AncesTrees 
software showed a low accurate in estimating the ancestry of Brazilian samples. The 
incorporation of representative craniometric data obtained from Brazilian skulls into the 
software database may significantly increase the accurate of ancestry estimates. 
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A Antropologia Forense (AF) é o ramo da Antropologia Física que estuda a 
variabilidade anatômica e fisiológica do homem, apondo a essa uma conjuntura forense a fim 
de proporcionar esclarecimentos à Justiça sobre a identidade de remanescentes humanos 
questionados em meio a processos legais, civis e humanitários (Cunha e Cattaneo, 2006, 2017; 
Nunes e Gonçalves, 2014; Go, 2018; Nawrocki et al., 2018). Geralmente, o material examinado 
é oriundo de restos esqueletizados pertencentes a ossos animais, casos arqueológicos e peças 
ósseas provenientes de cemitérios, tendo a AF o papel de confrontar, determinar e/ou afastar a 
identidade de estruturas ósseas e, consequentemente, contribuir na determinação da causa, dos 
mecanismos e das circunstâncias da morte (Ubelaker, 2006; Magalhães et al., 2015; Cunha, 
2017). 
Apesar de a Antropologia Forense não ser uma metodologia primária de 
identificação humana (Jacometti, 2018), os antropólogos forenses, utilizando conhecimentos e 
metodologias de identificação, buscam reconstruir o perfil biológico de restos humanos por 
meio da estimativa de sexo, idade à morte, estatura e ancestralidade (Ubelaker, 2006; Navega 
et al., 2015; Murphy e Garvin, 2018; Ubelaker et al., 2019), além de extrair informações sobre 
anomalias, traumatismos ante mortem, intervenções médicas/odontológicas ou outras 
patologias que acometeram o indivíduo em vida e deixaram marcas no esqueleto ósseo 
(Bartelink e Chesson, 2019). Desta forma, o campo de investigação é restringido e o universo 
de suspeitos limitado, o que facilita a associação entre os remanescentes humanos e a pessoa 
desaparecida por técnicas científicas individualizadoras (análise comparativa entre impressões 
digitais, arcadas dentárias e perfis de DNA), tornando o processo de identificação mais célere 
(Navega, 2015; O'Connor et al., 2018; Bartelink e Chesson, 2019). 
Em um exame realizado pela equipe de antropólogos forenses, o estudo inicial do 
esqueleto tem por objetivo estabelecer a espécie a que pertence os restos ósseos em análise. Só 
posteriormente é que surge a preocupação em delimitar a afinidade étnica, o sexo, a idade à 
morte e a estatura da vítima. Para tanto, deve o pesquisador fazer uso de métodos de 
identificação baseados na inspeção visual de dados somatoscópicos – métodos qualitativos que 
utilizam descrições subjetivas por meio de características morfológicas não mensuráveis – e 
somatométricos – metodologias quantitativas que fazem uso de características mensuráveis 
(medidas, ângulos e projeções) (Hefner, 2009; Silva, 2015; Jacometti, 2018; Vanrell, 2019).   
A estimativa da ancestralidade de remanescentes humanos não identificados 
constitui um dos pilares do processo identificatório pela AF e é realizada por bioarqueólogos e 
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antropólogos forenses. Seu estudo permite, por exemplo, a identificação biogeográfica dos 
indivíduos de uma população, ou seja, prevê a possível região de origem de restos humanos não 
identificados graças a estreita relação entre variações fenotípicas humanas e as diversas áreas 
geográficas do planeta Terra. Além disso, é a partir do conhecimento da ancestralidade que são 
formuladas tabelas de referência para a estimativa do sexo, da idade à morte, da estatura e de 
medidas de aproximação facial forense (Freire, 2000; Byers, 2002; Elliott e Collard, 2009; 
Nunes e Gonçalves, 2014; Navega et al., 2015; Strapasson et al., 2017; Bartelink e Chesson, 
2019). 
As técnicas e experiências quanto à identificação e interpretação de materiais ósseos 
fazem da Antropologia Forense uma ciência capaz de estimar a ancestralidade de uma amostra 
por meio da comparação das características apresentadas pela mesma com as já observadas em 
populações mundiais (Blumenfeld, 2000; Ubelaker, 2006). Isso se mostra verdade, pois existe 
estreita concordância entre as construções sociais de ancestralidade e a morfologia esquelética, 
permitindo que os seres humanos possam ser classificados com certa precisão em origem 
geográfica usando a osteometria (Ousley et al., 2009). 
O Brasil, país de dimensões continentais, possui uma das populaçãos mais 
heterogêneas de todo o mundo, oriunda de processos econômicos, de imigração e de 
interrelações étnico-raciais, sobretudo de grupos étnicos de descendências africanas, europeias 
e indígenas americanas (ameríndios) (Carvalho-Silva et al., 2001). Para se ser uma ideia, entre 
os anos de 1500 e 1972, 58% dos imigrantes que chegaram ao país eram de origem europeia, 
40% africana e 2% asiática (Callegari-Jacques e Salzano, 1999). 
A distribuição desses grupos étnicos ancestrais no território brasileiro não ocorreu 
de maneira homogênea, de forma que a proporção da contribuição de cada componente varia 
de acordo com a região do território, ao ponto de as discrepâncias fenotípicas não serem 
aparentes. Isso é tão verdade que mesmo o mais europeu dos brasileiros pode apresentar traços 
genéticos de africanos e vice-versa (Pena et al., 2000; Gaspar Neto e Santos, 2011; Souza, 2012; 
Durso et al., 2014; Kehdy et al., 2015), acreditando França (2017) que, no futuro, os brasileiros 
constituirão a ancestralidade mulata. 
No início do século XX, o antropólogo Edgard Roquette-Pinto dedicou-se ao estudo 
e à classificação dos tipos antropológicos do Brasil a partir das características morfológicas de 
sua população. Por meio de levantamento de dados sobre a compleição anatômica, fisiológica 
e psicológica da população brasileira, o estudioso estabeleceu um amplo retrato antropológico 
do país, revelando características antropológicas formadoras do Brasil e avaliando a viabilidade 
biológica da população, especialmente dos tipos mestiços (Roquette-Pinto, 1978; Souza, 2012). 
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Roquettte-Pinto (1929) criou, inclusive, uma terminologia classificatória baseada em quatro 
grupos principais: Leucodermos (correspondente ao tipo Europeu), Faiodermos (mestiço 
oriundo do cruzamento entre europeus e africanos), Xanthodermos (mestiços provenientes de 
europeus e índios) e Melanodermos (apropriado para a designação do tipo Africano). O autor 
ainda identificou outros tipos ancestrais (Cafuzos, Xibáros e Caborés), mas não incluiu em sua 
classificação por serem consideradas numericamente insignificantes. 
Em 2010, o Instituto Brasileiro de Geografia e Estatística (IBGE, 2011) realizou o 
último censo demográfico da população brasileira. Quanto a autodeterminação da cor ou raça, 
foram consideradas cinco categorias: branco, preto, amarelo, indígena e pardo (incluindo nesta 
os mulatos, caboclos, cafuzos, mamelucos ou mestiço de preto com indivíduo de outra cor ou 
raça). Dos 191 milhões de habitantes à época, 47,7% classificaram-se como brancos, 43,1% 
auto declararam-se pardos, 7,6% pretos, 1,1% amarelos e 0,4% indígenas. Na região sudeste, 
em especial no estado de São Paulo, 63,9% das pessoas consideram-se de cor ou raça branca, 
5,5% preta e 29,1% parda. 
Embora a estimativa da ancestralidade seja um assunto controverso quando se trata 
de uma população tão miscigenada como a brasileira, seu estudo pode, ao menos, indicar as 
características mais marcantes de um indivíduo (Nunes e Gonçalves, 2014). Muitas análises 
antropológicas envolvem o complexo crânio-maxilo-facial (O'Connor et al., 2018), sendo a 
morfologia e morfometria das estruturas craniana, mais especificamente a região da face, os 
melhores e mais confiáveis indicadores anatômicos para estimar a afinidade populacional de 
um indivíduo, apontando variabilidades anatômicas e associando-as a determinada população 
mundial (Cunha, 1997; Reverte Coma, 1999; Krenzer, 2006; Nunes e Gonçalves, 2014; 
Cornélio-Neto et al., 2017). Para se ter uma ideia, quando técnicas morfológicas e métricas são 
utilizadas em conjunto, o percentual de acerto para a ancestralidade fica em torno de 85 a 90% 
(Krogman, 1955).  
Técnicas que utilizam características cranianas não-métricas para estimar a 
ancestralidade são capazes de apontar peculiaridades de formatos do crânio (grau de curvaturas, 
proeminências ósseas, marcações musculares) por meio de avaliações simples, rápidas e de fácil 
aplicabilidade, mesmo sendo ainda criticadas por sua subjetividade e natureza qualitativa. Desta 
forma, a morfologia do crânio constitui ferramenta valiosa para a estimativa da ancestralidade 
de restos humanos durante investigações forenses, sobretudo quando há a incorporação de 
múltiplas particularidades não-métricas em uma única análise estatística (Garvin et al., 2014; 
Murphy e Garvin, 2018). 
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Os traços morfológicos são capazes de predizer a ascendência de um indivíduo, seja 
por sua ausência, presença, grau de desenvolviemtnto ou forma. Porém, somente por meio da 
experiência de um observador treinado e com uma percepção avançada da variação humana é 
possível manter um padrão consistente das avaliações morfológicas (Hooton, 1926; Bessa, 
2017). Para Hefner (2009), a predileção da ancestralidade utilizando características não-
métricas não é uma atividade simples e, muitas vezes, depende da experiência e de uma singular 
compreensão das variantes humanas existentes dentro das populações. Esse autor, na tentativa 
de resolver a problemática que envolve a falta de um tratamento mais científico e metodológico 
para as avaliações morfológicas do crânio humano (Jacometti, 2018), propôs uma padronização 
de análises por meio de ilustrações de características morfológicas do crânio, denominadas de 
traços macromorfoscópicos, a fim de reduzir erros de subjetividade intra e inter examinadores. 
Hefner (2009) estudou onze características morfológicas cranianas (espinha nasal 
anterior, abertura nasal inferior, largura interorbital, tubérculo malar, contorno nasal, contorno 
do osso nasal, ponte nasal, depressão pós-bregmática, sutura supranasal, sutura palatina 
transversa e sutura zigomático-maxilar), comumente associadas à estimativa da ancestralidade, 
de 747 crânios humanos pertencentes a coleções osteológicas identificadas da Europa, da Ásia, 
da África e de nativos da América do Norte. A frequência dos acidentes anatômicos para as 
diferentes origens ancestrais passou por tratamento estatístico, o que permitiu a formação de 
padrões de classificação para as espécimes (Jacometti, 2018).  
É importante destacar que nenhuma característica craniana é exclusiva de 
determinada população, sobretudo em um mundo que, com raras exceções, não apresenta 
sociedades que não sejam formadas de misturas étnicas. Na verdade, o que distingue um grupo 
populacional de outro não é a ausência ou presença de determinado padrão ósseo, mas sim a 
frequência como o mesmo se apresenta entre determinados indivíduos (Krenzer, 2006; Hefner, 
2009). 
A utilização de testes estatísticos em meios de identificação pela Antropologia 
Forense torna a metodologia mais científica e confiável perante os estudiosos e a própria 
Justiça. Tal afirmativa tem origem no caso norte-americano “Daubert v. Merrell Dow 
Pharmaceuticals”, no qual a Suprema Corte dos Estados Unidos da América, baseada na norma 
102 das Regras Federais de Prova, mostrou a necessidade de validar métodos publicados, 
dizendo de nada valer um método de aceitação geral e amplamente utilizado por especialistas 
se o mesmo não passar por criteriosos testes de validação, controlabilidade, confiabilidade, 
acurácia e percentual de erros associados, mostrando a necessidade de validar os métodos 
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publicados (Suprema Corte dos EUA, 1993; Grivas e Komar, 2008; Jacometti, 2018; 
Liebenberg et al., 2019). 
Muitas pesquisas em AF empregam dados craniométricos. Além disso, os avanços 
científicos na área proporcionaram a aplicação da Matemática e da Estatística nos processos de 
estabelecimento do perfil biológico. Assim, é possível, com uma maior margem de confiança, 
quantificar a probabilidade de um esqueleto ser de origem africana, asiática ou europeia, por 
exemplo, e, desta forma, suprir as necessidades legais (Cunha, 2017; Langley et al., 2018).  
Para que estudos realizados em diferentes localidades e produzidos por 
pesquisadores distintos possam ser comparados, é preciso que haja uma padronização universal 
da técnica utilizada nas pesquisas (Daruge et al., 2016). Para tanto, estudos sobre craniometria 
devem-se basear no estabelecimento de medicas cranianas tomando como referência a 
dimensão entre pontos craniométricos pré-definidos (Bessa, 2017). Desta forma, variações de 
tamanho e forma do crânio de origens geográficas distintas podem ser mensuradas por 
examinadores treinados e calibrados.  
Em 2015, pesquisadores portugueses desenvolveram um programa computacional 
denominado AncesTrees, com o intuito de avaliar a ancestralidade tomando por base análises 
métricas do crânio humano. Essa ferramenta estima a ancestralidade classificando o crânio por 
meio do algoritmo de floresta randomizada (“Random Forest”), que desenvolve conjuntos 
categorizadores de árvores de decisão, uma técnica de classificação não linear e não paramétrica 
(Navega et al., 2015).  
Com um banco de dados formado por 23 variáveis craniométricas de 1.734 
indivíduos oriundos de seis grupos ancestrais principais (africano, austro-melanésio, leste 
asiático, europeu, nativo americano e polinésio) e escolhidos a partir da série craniométrica de 
Howells (Howells, 1973, 1989, 1995, 1996), o programa AncesTrees já foi testado em 128 
crânios humanos adultos das coleções osteológicas African Slaves’ Skeletal Collection of Valle 
da Gafaria, Medical School Skull Collection e Identified Skeletal Collection of 21st Century. 
Os resultados mostraram-se promissores na classificação ancestral de indivíduos europeus 
portugueses contemporâneos e escravos africanos arqueológicos. Mas ainda são necessários 
testes em amostras de variadas origens geográficas de todo o mundo, dentre as quais a brasileira, 
a fim de comprovar a eficácia do AncesTrees para a Antropologia Forense (Navega et al., 2015). 
Com o desenvolvimento de coleções osteológicas no Brasil, surge uma fonte de 
pesquisa confiável de restos esqueléticos que pode auxiliar na caracterização da população 
brasileira, facilitando, desta forma, o desenvolvimento da Antropologia Forense no país. Dentre 
esses acervos, destaca-se o da Coleção Osteológica e Tomográfica Professor Eduardo Daruge, 
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alojado na Faculdade de Odontologia de Piracicaba/Universidade Estadual de Campinas 
(FOP/UNICAMP), São Paulo/Brasil. Os 320 esqueletos aqui armazenados são provenientes de 
um cemitério da cidade de Campinas/São Paulo, estão bem preservados e possuem catalogação 
quanto ao sexo, idade à morte, ancestralidade e causa da morte (Cunha et al., 2018; Carvalho 
et al., 2020). 
Os cemitérios públicos brasileiros têm cunho social e oferecem serviços de 
sepultamento provisório e gratuito àqueles que não têm meios financeiros para pagar. 
Especificamente em relação às unidades situadas na cidade de Campinas/SP, as mesmas 
estipulam um tempo mínimo para a realização de exumações administrativas: três anos após a 
data do óbito para adultos e um ano e meio para crianças com até seis anos de idade no momento 
do falecimento. No entanto, findados esses prazos e após trinta dias desse período 
regulamentado, os familiares do falecido devem recuperar os restos mortais para que a sepultura 
possa ser reutilizada conforme a necessidade de uso de espaço do cemitério. Se nenhum familiar 
interessado reclamar pelo corpo de seu ente, os restos mortais são tidos como abandonados e 
serão depositados nos ossuários existentes no cemitério, mediante anotação em livro próprio 
(Campinas, 1980; São Paulo, 1980). Caso isso ocorra, os despojos podem ser ainda incinerados 
ou doados a instituições de ensino (condicionado à prévia aprovação por parte do comitê de 
ética em pesquisa do dito ente social e à autorização da autoridade judicial competente) para 
estudo, em cumprimento aos requisitos legais e administrativos, sendo essas, agora, as 
responsáveis pelo uso, destinação e conservação do material cadavérico que receberem 
(Campinas, 1980; Cunha et al., 2018). Vale salientar que o encaminhamento de ossadas 
humanas para fins científicos e acadêmicos beneficia o ensino e promove notáveis avanços no 
desenvolvimento bioarqueológico no Brasil (Campinas, 1980; Lessa, 2011)  
O desenvolvimento de pesquisas sobre a ancestralidade dos povos humanos, 
baseadas, sobretudo, em características anatômicas, tem feito com que cada vez mais peritos 
voltem sua atenção à indicação da possível ancestralidade a qual pertence os restos humanos 
em análise (Cunha, 2017). Apesar disso, é válido saber que nenhuma característica, seja em 
conjunto ou trabalhada de forma isolada, é capaz de definir um grupo ancestral com total 
certeza. Quando antropólogos forenses se propõem em estimar a ancestralidade, buscam, na 
verdade, criar uma melhor descrição do indivíduo em análise, conduzindo à inclusão do mesmo 
em um grupo populacional, e não excluindo-o (Bessa, 2017). 
Sabendo que a credibilidade e a confiabilidade nas perícias de identificação humana 
são diretamente proporcionais à somatória de elementos periciados (Kimmerle et al., 2008; 
Lima et al., 2012; Almeida Júnior et al., 2013; França, 2017) e que a variabilidade morfológica 
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e métrica entre populações distintas confere obstáculo para a identificação pela Antropologia 
Forense (Veyre-Goulet et al., 2008), esta pesquisa teve como objetivo investigar a precisão de 
marcadores métricos, cranianos e faciais, na estimativa da ancestralidade de uma amostra 
brasileira por meio da utilização do programa AncesTrees, testando a acurácia e a aplicabilidade 
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In the present study a software tool for craniometric ancestry estimation, 
AncesTrees, was evaluated in an identified Brazilian skeletal sample with known self-reported 
ancestry. Twenty-three craniometric measures were obtained from each skull and analyzed 
using AncesTrees software, with two classification strategies - tournamentForest and 
ancestralForest algorithm. The tournamentForest (53.54%) and ancestralForest algorithms with 
three ancestry groups (50.96%) were more accurate to classify Europeans, while the 
ancestralForest algorithm with six (50.00%) and two (67.64%) groups was more accurate to 
estimate the ancestry of African descents. Admixed ancestry specimens were classified 
predominantly as European descent. The use of the ancestralForest algorithm considering only 
European and African origin (58.42%) was the most accurate setup for ancestry estimation in 
Brazilian skulls. Supervised classification algorithms and tools such as the AncesTrees work 
based on data analysis and pattern matching, and there is no Brazilian sample in its database, 
the software showed a low accuracy Brazilian samples. The incorporation of representative 
craniometric data obtained from Brazilian skulls into the software database may significantly 












Several programs and software tools have been developed in recent years to tackle 
the challenging task of ancestry estimation from skeletal remains in forensic anthropology (FA). 
These computational tools make use of statistical and machine learning algorithms to solve a 
mathematical problem that abstractly speaking involves allocate objects to predefined classes 
hence the name classifiers or classification algorithms. Such software and computer programs 
abstract the modelling and computation from end-user and render complex mathematical 
formulas easy to use through graphical user interfaces. Some prime examples of such tools are 
FORDISC (Ousley & Jantz, 2013), CRANID (Wright, 1992), COLIPR (Urbanová & Králík, 
2008), 3D-ID (Slice & Ross, 2009) and AncesTrees (Navega et al., 2015). The latter, which 
will be the focus of the present study, was developed in 2015 by Portuguese researchers to 
quantitatively estimate ancestry based on 23 craniometric measures. This tool classifies the 
human skull using the random forest algorithm (Breiman, 2001), a non-linear and non-
parametric ensemble-based classification technique that uses hundreds to thousands of 
classification decision trees as base models. 
One fundamental disadvantage and transversal issue of these methodologies and 
tools is the lack of reference data for each population worldwide resulting inevitably in lower 
accuracy for individuals from geographic regions that are not fully represented in the software 
databases (Cunha & Ubelaker, 2020; Kranioti et al., 2019). In its current state AncesTrees uses 
as reference database a large worldwide sample of craniometric data from individuals from 
major populational clusters. Nonetheless, no individual of Brazilian origin is represented in the 
software which raises obvious question regarding its accuracy as a tool for ancestry estimation 
in Brazil. 
Brazil is a country of continental dimensions with one of the most heterogeneous 
population worldwide. Brazilian miscegenation and admixture are the result of economic, 
migratory, and ethnic-racial interrelationships, especially between ethnic groups of African, 
European and American Indian (Amerindian) ancestry (Carvalho-Silva et al., 2001), which 
makes it unique and highly regionalized (Cuzzullin et al., 2020; Tinoco et al., 2016). The 
systematic development and curation of identified osteological collections in Brazil has 
provided in recent years a more reliable source of skeletal remains for the study of Brazilian 
population fostering development and advances in forensic anthropology both nation and 
worldwide (Cunha et al., 2018; de Carvalho et al., 2020). These reference collections enable 
the systematic and rigorous analysis of published and available methods or protocols, which is 
vital to guarantee the accuracy and reliability of forensic analysis. 
In this study, we assess accuracy of the AncesTrees software to estimate ancestry 
in a large sample of modern Brazilian identified human skulls of multi-ancestral origin. The 
significance of ancestry as a fundamental parameter of the biological profile in forensic 
identification and the complex populational structure of Brazil utters urgency in the validation 
of the tools available to forensic experts. 
 




In the current study the skull of 266 identified Brazilian nationals were analyzed to 
assess the accuracy of a craniometric ancestry estimation tool. The study sample was composed 
by 144 males and 122 females, with known age-at-death between 20 to 100 years old. Self-
reported ancestry was obtained from official documentation with 155 individuals reporting as 
European descent, 34 as African descent, 76 of admixed ancestry (n = 76) and one individual 
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of Asian descent. All demographic information was collected according to death certificate, an 
official document required for inhumation in Brazil (Cunha et al., 2018). The individuals under 
study were sampled from the Osteological and Tomographic Collection – Prof. Dr. Eduardo 
Daruge at Piracicaba Dental School, University of Campinas (FOP/UNICAMP), São Paulo, 
Brazil. The skeletal remains that compose this collection were obtained from a cemetery in the 
city of Campinas, São Paulo, Brazil. All individual skulls under study showed no sign of 
pathological conditions of any kind and presented an excellent state of preservation. A more 




Twenty-three measures were obtained from each skull according to the study by 
Howells and as recommended by the AncesTrees software (Table 1) (Howells, 1973, 1989, 
1994; Navega et al., 2015). In the case of bilateral structures, the left-side measurement was 
selected. The measurements were performed using a digital sliding caliper (Stainless-
Hardened® - 150 mm, Mauá, São Paulo, Brazil) and a digital spreading caliper with rounded 
ends (iGaging® Precision Tools - 8’’ - 35-OD8, Brazil). To ensure instrument precision and 
data acquisition reliability both calipers were re-calibrated (zeroed) after each measurement has 
been taken. 
A pilot study was previously carried to assess intra-observer measurement error. 
Forty-two skulls from the osteological collection were examined before and after a seven-day 
interval. Pairwise comparisons showed no significant variability between the measurements (P 
> 0.05) (paired Student’s t test) regarding all study variables. A means comparison test of 0.86 
was obtained, indicating adequate intra-examiner agreement (27). The 42 skulls analyzed 
preliminarily were also included in the final sample (n = 266). 
The collected data were inserted into the AncesTrees software, an open-source 
statistical program available from http://osteomics.com/AncesTrees/. After data entry, the 
“validation” tab was clicked to check for validity of the measurements or for re-assessment of 
the values that were very divergent from the mean. Subsequently, the algorithm (ancestralForest 
or tournamentForest) was chosen in the “analysis” tab, and the algorithm setup was determined 
according to computational and statistical parameters. 
The tournamentForest algorithm has a more automated approach and differs from 
the ancestralForest algorithm for being classified according to round-robin tournaments, in 
which the best binary classifier is selected. This algorithm follows a division-and-conquest 
approach; after each round of the tournament, the ancestry group with less affinity with the 
skull under analysis is discarded, until only two possible ethnic groups remain. As the 
TournamentForest algorithm is more suitable for cases in which there is little or no prior 
knowledge about the likely ancestry group (Navega et al., 2015), the software was set up to 
consider 512 trees and all nine available ancestry patterns. 
The second tested algorithm was the ancestralForest, which analyzes the likelihood 
of the skull under analysis matching the selected ancestry groups (Navega et al., 2015). The 
software was set up (number of trees: 512; number of sub-forests: 32; bootstrap fraction: 63.2%; 
balanced bootstrap; no bootstrap with replacement; pseudo-random number generator seed: 
1989; and parallel = TRUE) and tested on three different scenarios according to the selected 
ancestry groups. With the first algorithm, nine ancestry groups were tested (Northern Asia & 
Arctic, North & South America, Europe, Northeast Africa, Sub-Saharan Africa, South Asia, 
East & Southeast Asia, Polynesia and Australia & Melanesia) from six geographic origins 
(Asia, America, Europe, Africa, Polynesia and Australia). With the second algorithm, only the 
groups from Asia, Africa and Europe were selected. In a third setup, only the African and 
European ancestry groups were selected. 
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Table 1. Craniofacial measures used in the study. Detailed measurement definition available at 
Howells (1973). 
Measurement Abbreviation Instrument 
Glabello-occipital length GOL Spreading caliper 
Basion-bregma height BBH Spreading caliper 
Maximum cranial breadth XCB Spreading caliper 
Nasion-prosthion height NPH Sliding caliper 
Maximum frontal breadth XFB Sliding caliper 
Bifrontal breadth FMB Sliding caliper 
Bizygomatic breadth ZYB Sliding caliper 
Basion-nasion length BNL Spreading caliper 
Basion-prosthion length BPL Sliding caliper 
Biauricular breadth AUB Sliding caliper 
Palate breadth MAB Sliding caliper 
Foramen magnum length FOL Sliding caliper 
Nasal height NLH Sliding caliper 
Nasal breadth NLB Sliding caliper 
Biorbital breadth EKB Sliding caliper 
Inter-orbital breadth DKB Sliding caliper 
Orbital height OBH Sliding caliper 
Orbital breadth OBB Sliding caliper 
Mastoid height MDH Sliding caliper 
Mastoid breadth MDB Sliding caliper 
Nasion-bregma chord FRC Sliding caliper 
Bregma-lambda chord PAC Sliding caliper 




After validating the model parameters, the predicted ancestry was that which ranked 
the first place in the tournamentForest algorithm tournament and that was the most likely 
outcome in the ancestralForest algorithm. The ancestry estimate was compared against the 
known ancestry obtained from the death certificate. The accuracy of the methods in identifying 
the ancestry of Brazilian skulls was calculated based on the classification of Europeans, 
Africans, and Asians into their corresponding group. Due to the high miscegenation of mixed-
ancestry samples and because they do not fit into any of the ancestry groups available in the 
AncesTrees software database, they were analyzed separately to avoid bias following Jacometti 
(2018) protocol. 
The data were analyzed descriptively and by statistical tests using SPSS 23 (SPSS 
Inc., Chicago, IL, USA). The data showed a normal distribution curve (Kolmogorov-Smirnov 
test), and pairwise comparisons between mean measurements were carried out by one-way 
ANOVA followed by Tukey HSD post-hoc test. Chi-Square and Chi-Square test with Yates 
correction were used to check for an association between the known vs. estimated ancestry, 




Of the 266 skulls analyzed, 144 (54.10%) were males, aged 20 to 100 years at death 
(mean age of 60.53 ± 17.50 years). Males and females had a mean age of 57.29 (± 16.55) and 
64.36 (± 17.90) years, respectively, with no significant difference between them (p-value = 
0.001; Student’s t test). Known ancestry was self-reported as European (n = 155; 58.30%), 
African (n = 34; 12.80%), Mixed (n = 76; 28.60%) and Asian (n = 1; 0.30%). Table 2 shows 
the distribution of sex and age per ancestry group in the study sample. 
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58.50 (17.85) 42.00 (-) 
0.440(2) 
Minimum 22 20 21 42 
Maximum 97 97 100 42 
SD = Standard Deviation. (1) = Chi-square test with Yates correction. (2) = One-way 
ANOVA. 
 
As seen in Table 3, the morphological variables (mean, standard-deviation, and 
maximum and minimum values) were compared according to ancestry group. Significant inter-
group differences regarding metric variables were determined by one-way ANOVA followed 






Table 3. Distribution of craniometric variables according to ancestry group in Brazilian human 
skulls. 
Variable 
Ancestry – Brazil  
European (n = 
155) 
African (n = 34) 
Mixed ancestry 
(n = 76) 
p-value(1) 
Mean ± SD 
(Range) 
Mean ± SD 
(Range) 
Mean ± SD 
(Range) 
GOL 
177.21 ± 8.28 
(158.20 – 196.10) 
177.92 ± 7.65 
(160.60 – 192.20) 
176.91 ± 11.40 
(103.60 – 194.80) 
0.870 
BBH 
132.55 ± 6.83 
(103.00 – 148.40) 
132.53 ± 6.66 
(117.70 – 146.20) 
132.86 ± 6.40 
(118.90 – 147.60) 
0.940 
XCB 
134.51 ± 7.30 
(111.10 – 158.80) 
134.11 ± 6.26 
(119.00 – 144.30) 
135.56 ± 7.03 
(118.70 – 151.50) 
0.485 
NPH 
62.80 ± 6.34 
(47.08 – 77.20) 
63.00 ± 5.85 
(51.84 – 76.78) 
63.05 ± 6.19 
(49.62 – 76.59) 
0.957 
XFB 
117.08 ± 6.38 
(94.45 – 137.70) 
116.38 ± 5.81 
(99.36 – 126.48) 
118.38 ± 6.26 
(104.10 – 133.59) 
0.212 
FMB 
95.46 ± 5.10 a 
(84.93 – 122.29) 
98.34 ± 4.68 b 
(90.50 – 111.36) 
96.66 ± 4.43 a 
(88.19 – 108.63) 
0.005* 
ZYB 
125.67 ± 7.78 
(109.39 – 171.10) 
125.46 ± 6.45 
(112.59 – 138.91) 
126.66 ± 7.18 
(102.70 – 140.55) 
0.598 
BNL 
99.05 ± 9.58 
(86.20 – 195.10) 
98.66 ± 6.83 
(90.20 – 128.10) 
97.88 ± 4.44 
(88.10 – 109.50) 
0.592 
BPL 
89.75 ± 7.02 a 
(73.42 – 108.73) 
93.78 ± 6.05 b 
(79.74 – 108.43) 
91.24 ± 5.62 a 
(75.06 – 103.03) 
0.004* 
AUB 
111.27 ± 6.76 
(92.57 – 131.83) 
111.96 ± 6.21 
(100.84 – 126.13) 
113.21 ± 5.94 
(100.53 – 125.01) 
0.109 
MAB 
56.47 ± 5.90 a 
(42.83 – 72.20) 
61.33 ± 9.60 b 
(49,06 – 99.40) 
58.03 ± 5.92 a 
(44.57 – 72.44) 
<0.001* 
FOL 
35.75 ± 2.71 
(28.83 – 49.48) 
35.84 ± 3.10 
(28.48 – 42.93) 
35.86 ± 2.44 
(29.12 – 21.65) 
0.953 
NLH 
49.77 ± 4.22 
(20.55 – 59.28) 
48.50 ± 3.91 
(34.12 – 54.64) 
49.70 ± 4.08 
(41.86 – 59.01) 
0.261 
NLB 
24.79 ± 2.66 a 
(20.29 – 39.24) 
26.03 ± 1.81 b 
(22.02 – 29.72) 
24.99 ± 2.14 a 
(20.76 – 30.30) 
0.029* 
EKB 
93.95 ± 4.35 a 
(83.83 – 110.62) 
96.65 ± 4.39 b 
(89.53 – 105.82) 
95.42 ± 4.27 b 
(87.06 – 104.73) 
0.001* 
DKB 
20.17 ± 2.81 a 
(14.93 – 36.62) 
21.76 ± 2.82 b 
(16.43 – 28.54) 
21.31 ± 2.58 b 
(16.82 – 30.42) 
0.001* 
OBH 
34.11 ± 2.33 
(28.47 – 39.47) 
34.78 ± 2.01 
(28.37 – 38.94) 
34.60 ± 2.17 
(30.29 – 38.87) 
0.143 
OBB 
39.21 ± 2.18 
(33.54 – 47.13) 
39.37 ± 2.09 
(34.74 – 42.55) 
39.30 ± 2.12) 
(35.23 – 44.75) 
0.907 
MDH 
28.99 ± 3.80 
(20.66 – 38.18) 
30.15 ± 3.06 
(23.89 – 37.18) 
29.04 ± 4.18 
(19.58 – 38.24) 
0.266 
MDB 
16.55 ± 3.00 
(10.53 – 25.30) 
17.71 ± 3.75 
(10.55 – 27.34) 
17.17 ± 4.30 
(10.95 – 42.62) 
0.154 
FRC 
110.80 ± 5.61 
(99.03 – 129.18) 
110.95 ± 6.22 
(98.65 – 124.03) 
110.97 ± 1199 





109.76 ± 7.48 
(88.58 – 134.67) 
109.29 ± 9.16 
(82.64 – 126.22) 
110.54 ± 7.36 
(96.79 – 131.74) 
0.673 
OCC 
96.56 ± 6.38 
(81.47 – 116.48) 
97.53 ± 5.97 
(87.67 – 114.31) 
95.63 ± 7.19 
(71.03 – 108.88) 
0.347 
(1) = One-Way ANOVA with Tukey HSD post-test. Same letters in the same line indicate 
no significant difference between ancestry groups, whereas different letters (“a” and “b”) 
indicate statistically significant differences between groups. 
(*): Significant at 0.05. 
The “Asian” category was not included in the comparison because there was only one 
characterized case. Thus, the test and post-test comparisons were performed only between 
the categories “European”, “African” and “Mixed ancestry”. 
 
 
To assess the relationship between the known and estimated ancestry, the metric 
parameters of the Brazilian skulls were tested in the AncesTrees software. The 
tournamentForest (for six ancestry groups) and ancestralForest algorithms (for six, three or two 
ancestry groups) were used. 
Table 4 shows the ancestry estimates of the tournamentForest algorithm. This 
algorithm correctly estimated the European ancestry in 83 out of 155 skulls previously 
cataloged as European, and it estimated the African ancestry in 17 out of 34 skulls previously 
cataloged as Africans. The only Asian specimen in the sample was classified as American. The 
percentage of correctness of the tournamentForest algorithm in estimating ancestry was 
52.63%, which was statistically significant. 
 




Known ancestry  
p-value Accuracy European 
(n = 155) 
African 
(n = 34) 
Asian 
(n = 1) 
Asian 
n 19 7 0 
< 0.001* 52.63% 
% 73.0% 27.0% 0,0% 
American 
n 2 0 1 
% 66.7% 0.0% 33.3% 
European 
n 83 6 0 
% 93.3% 6.7% 0.0% 
African 
n 46 17 0 
% 73.0% 27.0% 0.0% 
Polynesian 
n 4 2 0 
% 66.7% 33.3% 0.0% 
Australian 
n 1 2 0 
% 33.3% 66.7% 0.0% 
Chi-square test with Yates correction. (*): Significant at 0.05. 
 
Table 5 shows the ancestry estimates of the ancestralForest algorithm, considering 
six ancestry groups. This method correctly estimated the ancestry of European Brazilian skulls 
(n = 155) as European in 76 cases. Seventeen of 34 cases were correctly estimated by the 
algorithm as Africans, while the only Asian specimen was estimated to be Australian. The total 
accuracy of this algorithm was 48.94%, which was statistically significant. 
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Table 5. Ancestry estimation in Brazilian human skulls by the ancestralForest algorithm, 
AncesTrees software, considering six geographic origins. 
Estimated ancestry 
ancestralForest 
 (six ancestry groups) 
Known ancestry 
P-value Accuracy Europea 
(n = 155) 
African 
(n = 34) 
Asian 
(n = 1) 
Asian 
n 23 6 0 
0.001* 48.94% 
% 79.3% 20.7% 0.0% 
American 
n 1 0 0 
% 100.0% 0.0% 0.0% 
European 
n 76 7 0 
% 91.6% 8.4% 0.0% 
African 
n 47 17 0 
% 73.4% 26.6% 0.0% 
Polynesian 
n 3 2 0 
% 60.0% 40.0% 0.0% 
Australian 
n 5 2 1 
% 62.5% 25.0% 12.5% 
Chi-square test with Yates correction. (*): Significant at 0.05. 
 
 
Table 6 shows the ancestry estimates of the ancestralForest algorithm, considering 
three geographic origins (European, African, and Asian). Europeans were correctly classified 
as so in 79 of the 155 cases, while African ancestry was correctly estimated in 17 of 34 cases. 
The only Asian in the sample was erroneously estimated to be African. All groups were 
statistically different from one another, with an overall accuracy of 50.52%. 
 
 
Table 6. Ancestry estimation in Brazilian human skulls by the ancestralForest algorithm, 
AncesTrees software, considering three geographic origins. 





P-value Accuracy European 
(n = 155) 
African 
(n = 34) 
Asian 
(n = 1) 
Asian 
n 20 7 0 
0.006* 50.52% 
% 74.0% 26.0% 0.0% 
European 
n 79 10 0 
% 88.8% 11.2% 0.0% 
African 
n 45 17 1 
% 71.4% 27.1% 1.5% 
Chi-square test with Yates correction. (*): Significant at 0.05. 
 
Lastly, the ancestralForest algorithm was tested considering only two ancestry 
groups (European and African), as shown in Table 7. This setup correctly estimated the ancestry 
in 88 and 23 skulls cataloged as Europeans and Africans, respectively. The Asian specimen was 
erroneously estimated to be of African origin. The accuracy of the total sample was 58.42%, 
which was statistically significant. Figure 1 shows the accuracy of tournamentForest and 
ancestralForest algorithms, and their different setups, in correctly estimating ancestry in 
Brazilian human skulls. When all ethnic groups in the bone collection (European, African, and 
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Asian) were analyzed, except for mixed ancestry, the accuracy of the software ranged from 
48.94% (ancestralForest with six groups) to 58.42% (ancestralForest with two groups). When 
only European skulls were considered in the analysis, the best accuracy (56.77%) was shown 
by the ancestralForest algorithm with two ancestry groups (European and African). This was 
also observed in the analysis of African skulls, with an accuracy of 67.64%. As the AncesTrees 
software showed inconsistency in estimating the skulls of individuals cataloged as admixed 
ancestry, this part of the sample was analyzed separately (Table 8). 
 
Table 7. Ancestry estimation in Brazilian human skulls by the ancestralForest algorithm, 







P-value Accuracy European 
(n = 155) 
African 
(n = 34) 
Asian 
(n = 1) 
European 
n 88 11 0 
< 0.001* 58.42% 
% 88.9% 11.1% 0.0% 
African 
n 67 23 1 
% 73.6% 2.6% 23.8% 
Chi-square test with Yates correction. (*): Significant at 0.05. 
 
Table 8. Classification of Brazilian human skulls into mixed ancestry by the ancestralForest 
and tournamentForest algorithms, AncesTrees software. 











Asian 11 13 19 - 
American 4 2 - - 
European 30 30 27 38 
African 26 27 30 38 
Polynesian 4 1 - - 
Australian 1 3 - - 
 
 
Based on the tournamentForest and ancestralForest setups with six groups, 30 out 
of 76 mixed-ancestry skulls were estimated to be Europeans. However, when the 
ancestralForest algorithm was used with three ancestry groups, then most of the admixed 
ancestry skulls (n = 30) were estimated to be Africans. When the ancestralForest algorithm was 
tested considering only two ancestry groups, half of the admixed ancestry skulls were estimated 




The Brazilian population originates from a variety of geographic and ancestral 
origins, mainly American, European, and African (Cuzzullin et al., 2020; Tinoco et al., 2016; 
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Urbanová et al., 2014). Despite this, few studies in the literature have investigated the ancestral 
patterns that are typical to the Brazilian population. This scenario is aggravated by the fact that 
the criterion for determining human ancestry is based only on self-reported skin color 
(Petruccelli & Saboia, 2013). The association between skin color (white, black, yellow, mixed 
race and indigenous) and ancestry is not generally accurate, as one characteristic does not 
necessarily reflect the other. 
To date, there is no method for estimating the specific ancestry of the Brazilian 
population, which makes the challenge even greater, as Brazil is a continental country and with 
differences even among populations from different regions of the territory. With the 
implementation of osteological collections in Brazil, a source of reliable research for skeletal 
remains appears to characterize the Brazilian population, facilitating the development of FA 
and the validation of methods for solving forensic cases (Cunha, 2019).  
The Osteological and Tomographic Collection Prof. Dr. Eduardo Daruge is one of 
the few contemporary collections in Brazil with specimens cataloged for ancestry, thus offering 
research opportunities to improve the accuracy of ethnic affinity estimates (Cunha & Ubelaker, 
2020). Nevertheless, the classification of ancestry was based on skin color information 
described in the death certificate. We note that this a subjective, outdated, misleading and 
invalid procedure for FA practice. In fact, there is no skin color scale that relates automatically 
to ancestry since skin color and ancestry are not synonymous. 
In Brazil, estimation of ancestry is a complex task due to the admixture and 
miscegenation of the Brazilian population produces features that are not typical of a specific 
ancestry group, such as European, African, or Asian. AncesTrees is a software used to estimate 
human ancestry based on craniofacial measurements. In our study, we examined the behavior 
of the AncesTrees software in estimating the ancestral pattern of an osteological collection 
according to the ancestry groups contained in the software database. As reported herein, the 
results were unsatisfactory, which can be due to the inaccuracy in estimating the ancestry of the 
Brazilian bone collection based simply on the skin color. Hence, the inclusion of this Brazilian 
sample into the software database is utterly important to help estimate the Brazilian ancestry 
considering metric standards that are widely accepted and recommended in FA. 
The wide biological variety in humans has rendered ancestry estimation an 
increasingly challenging task. Hence, a holistic approach added to technological advances in 
the field may considerably contribute to greater data accuracy of estimating methods. For 
instance, the analysis of genetic markers, also called ancestry informative markers (AIMs), 
together with the study of stable isotopes of tooth enamel via strontium level mapping, and the 
anthropological analysis, allow estimating the population affinity of unidentified human 
remains (Cunha & Ubelaker, 2020). 
In the United States of America, the Daubert versus Merrell Dow Pharmaceuticals 
lawsuit encouraged the adoption of new international guidelines for better credibility of 
scientific evidence, which greatly impacted FA research (Grivas & Komar, 2008). As of this 
trial, a rigorous and valid scientific method was required for determination of forensic outcomes 
in each population based on statistical analysis and known error rates. Hence, population-
specific methods are better accepted by the scientific and legal communities for being more 
accurate (Liebenberg et al., 2019). 
The identification of unknown individuals without a critical analysis of the 
methodological assumptions used to estimate their biological profile is equivocal (Cuzzullin et 
al., 2020). In other words, it is useless to establish one’s identity based on an unrealistic 
conjecture for a given population group, since regionally specific criteria are needed. 
Due to the availability of morphological and metric information or a combination 
of both (Cunha & Ubelaker, 2020), the human skull is the most suitable anatomical structure 
for estimating ancestry in unidentified remains, especially the facial portion of the skull. More 
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importantly, some authors argue that quantitative analyses should be preferred over visual 
examinations for greater reproducibility, repeatability, and objectivity (Kranioti et al., 2019; 
Urbanová et al., 2014). 
The AncesTrees software has a database currently including almost 3,000 
individuals from six main ancestry groups - Sub-Saharan African, Australo-Melanesian, East 
Asian, European, Native American and Polynesian – from the well know W.W Howells 
craniometric series (1973, 1989, 1994). The software was tested on 128 adult human skulls 
from European and African osteological collections and on 114 Brazilian skulls (Jacometti, 
2018; Navega et al., 2015). The method was accurate in determining the ancestral classification 
of European and African individuals due to the great representativeness of the database. 
European and African groups was correctly classified in 79.2% and 75.0% of cases, 
respectively, when all six ancestries were considered in the analysis. When only European and 
African ancestries were considered, the algorithm correctly estimated population affinity in 
93.8% of cases. Despite these findings, the incorporation of representative data obtained from 
different geographical origins across the globe, including Brazil, into the AncesTrees database 
is needed to confirm the accuracy and usefulness of the software for forensic practice. 
AncesTrees is a relatively new software, so there are not many studies reporting on 
the accuracy of its estimates. Skalic (2018) determined ancestry estimates using the AncesTrees 
software based on nine measures in 108 skeletons from the Terry Osteological Collection 
(United States of America) and the Coimbra Osteological Collection (Portugal). Both 
collections have skulls of men and women previously classified as white or black, two of which 
are archaeological cases (one belongs to the Archaic First Nation and the other is a Peruvian 
skull intentionally altered for cultural reasons). The accuracy of the tournamentForest algorithm 
ranged from 37.0% to 40.7%. The software was tested for its ability to allocate a sample that 
did not fit into any of the ancestry groups contained in the database. The archaeological cases 
were estimated to be originating from South Western Europe and East Asia. Thus, the author 
argues AncesTrees software may not be appropriate to estimate population affinity in groups 
that are not well represented in the database. 
In Brazil, Jacometti (2018) tested the AncesTrees software on a sample of 114 
skulls from São Paulo State (Identified Skull Collection at UNIFESP) previously cataloged as 
Europeans, Africans, and mixed ancestry. Using the same algorithms and setups as those tested 
in our study, the author found a better performance for estimating European (73.0% accuracy) 
and African (66.0% accuracy) ancestries, with the ancestralForest algorithm with two ancestry 
groups (European and African) being the best strategy (70.0% accuracy). Mixed-ancestry 
individuals were mostly, albeit inconsistently, classified as Europeans. These results 
corroborate with those observed in our study, showing that the applicability of the software for 
ancestral classification of this Brazilian population is poor. Predictive models work based on 
data matching, but the fact that the Brazilian population is not yet registered in the AncesTrees 
database may yield an atypical outcome, if no other similar metric standards can be retrieved 
by the software. 
In contrast, when Portuguese researchers were invited to estimate the biological 
profile of an exhumed young adult from the cemetery attached to the Igreja Do Carmo (Do 
Carmo Church), in Lisbon, they observed that the cranial morphology and intentional dental 
changes were suggestive of African origin, indicating that cultural aspects found in the skeleton 
may be a direct evidence of ancestry (Alves et al., 2016; Cunha & Ubelaker, 2020). When 
thirteen metric parameters were considered in the analysis of this case, the AncesTrees software 
indicated a probable Sub-Saharan African origin, with an accuracy of 92%. This confirms that 
when the likely ancestral origin of unidentified remains is included in the software database, 
then the accuracy rate of the algorithm is considerably higher. 
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Another Portuguese study reported favorable results when using the AncesTrees 
software (Navega et al., 2015). A total of 158 individuals buried in the region of Lagos, 
Portugal, and of probable African origin, were metrically and genetically examined for their 
ancestry. Cultural artifacts associated with the skeletons were found, and the skull morphology 
and the presence of intentional changes in the teeth were analyzed. The ancestral affinity was 
confirmed as African, demonstrating a high accuracy of the algorithm for ancestries included 
in the database. 
In 2016, Slovenian researchers analyzed the bones of an individual allegedly 
missing since the Second World War. Some morphological aspects of the individual’s skull 
revealed typical Caucasian features, as follows: narrow nasal opening and jaws, prominent 
anterior nasal spine, round-shaped orbits, reduced inter-orbital distance, and the presence of 
malar tubercles. The European ancestry of the specimen was confirmed with an accuracy of 
82.0% by a metric analysis in the AncesTrees software, which was set up to not consider Asian 
and African ancestry groups in the analysis. The software provided more accurate estimates 
when only the most likely ancestries were selected for comparison (Zupanič Pajnič et al., 2016). 
In recent years, the supply of computational tools in forensic anthropology has been 
increasing (Lynch & Stephan, 2018), although most of these tools have a high financial cost. 
AncesTrees, however, is an free-to-use statistical program  from a universe of tools made 
available by the Osteomics project (d’Oliveira Coelho et al., 2020)  for forensic anthropologists, 
forensic experts, and scholars in the process of estimating human ancestry in unidentified 
specimens. The accuracy of this software depends on the craniometric measurements obtained, 
number of ancestry groups included for analysis, and on the statistical setup Therefore, a more 
robust database comprising the variety of human populations is required to increase the 
reliability and accuracy of the algorithms for use in the resolution of forensic cases (Kranioti et 
al., 2019). 
The continuous miscegenation of human populations means that even the most 
complex forensic methods are challenged as to their effectiveness in determining a biological 
profile (Urbanová et al., 2014). The results observed in our study showed that regardless of the 
algorithm and the statistical setup, the accuracy of the software in determining the real ancestry 
of Brazilian skulls varied from 48.94% to 58.42%. 
In our study, the tournamentForest and ancestralForest algorithms with three 
ancestry groups were more suitable for classifying Europeans, while the ancestralForest 
algorithm with six and two groups was more accurate for estimating African ancestry. Mixed-
ancestry cases were predominantly classified as Europeans. The ancestralForest algorithm, 
configured for European and African ancestries, was more accurate to estimate the ancestry of 




To date, data on Brazilian skulls have not yet been incorporated into the AncesTrees 
software database. Therefore, this program should undergo more validation studies by the 
forensic and scientific community to more rigorously and systematically assess its accuracy as 
a tool for ancestry estimation in Brazil. The incorporation of identified and documented forensic 
cases into the database, especially of recently identified osteological collections, such as the 
FOP / UNICAMP Osteological and Tomographic Collection - Prof. Dr. Eduardo Daruge, will 
allow the development and adaptation of population-specific approaches. Thus, the authors of 
the present study propose to upload the information on Brazilian skulls into the AncesTrees 
software database and to re-assessment of the accuracy of the ancestry estimates. 
Forensic anthropology is a discipline with an immense societal value and 
responsibility. Nonetheless, to guarantee its mission experts need to assert and recognize the 
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advantages and limitations of the methods employed in the field. Systematic and constant 
validation, and improvement of all methodological aspect is crucial. The work here presented 
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FIG. 1 – Figure legend text 








Com base na metodologia adotada e nos resultados observados, são conclusões 
deste trabalho: 
 A melhor conformação do programa AncesTrees para a estimativa da 
ancestralidade dessa amostra brasileira foi a que utilizou o algoritmo 
ancestralForest apenas com as origens geográficas Europeia e Africana. 
 O software AncesTrees teve melhor acurácia na classificação dos europeus 
utilizando os algoritmos tournamentForest e ancestralForest com três grupos 
ancestrais, enquanto o algoritmo ancestralForest com seis e dois grupos foi melhor 
na indicação dos africanos; 
 Os indivíduos previamente catalogados como de ancestralidade mista foram 
classificados predominantemente como Europeus;  
 As medidas FMB, BPL, MAB, NLH, NLB, EKB e DKB apresentaram diferenças 
estatisticamente significantes quanto à ancestralidade;   
 Considerando a amostra avaliada, o software AncesTrees apresentou baixa acurácia 
na estimativa da ancestralidade de crânios brasileiros. Por isso, atualmente seu uso 
não é recomendando para apontar a afinidade populacional dessa população. 
 O software AncesTrees trabalha por comparação, sendo necessária a inclusão de 
medidas craniométricas de crânios brasileiros na base de dados do programa para 
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